As a result of the liberalisation of the agricultural market, mountain regions in Central Europe are at great risk of experiencing increasing land abandonment and spontaneous reforestation. Prior to taking measures for landscape maintenance, the ecological and landscape-aesthetic consequences of land abandonment should be analysed. This paper addresses the aesthetic component of such analyses: we investigated whether lay people perceive land abandonment and spontaneous reforestation as a loss or a gain and developed a prototypical technique for rapid aesthetic assessment of reforestation scenarios for vast regions.
Introduction
The overall aim of landscape conservation concepts is to maintain or even improve the physical quality and the scenic beauty of landscapes (Hollenhorst et al. 1993; Kangas et al. 1993; Haider, 1994; Ribe 1994; Peccol et al. 1996) . The latter is important because the general public's gain from conservation efforts is primarily an aesthetic one (Anwander et al. 1990; Daniel and Boster 1976; Hoisl et al. 1987; Nassauer 1989 Nassauer , 1992 Nohl 1982 Nohl , 1988 . To inhibit undesirable negative effects of land use on landscape qualities or to initiate positive developments with appropriate incentives, scenario evaluation -commonly based on landscape models -is a must for landscape planners (Baker 1996; Flamm and Turner 1994; Gardner et al. 1987; Liu 1993; Turner et al. 1993 Turner et al. , 1994 Schippers et al. 1996) .
A likely development -at least for Central Europe -is the intensification of agricultural production on highly productive land and, at the same time, land abandonment -followed by spontaneous reforestation -on land with a low production potential. This land use segregation in the agricultural sector is primarily attributable to the liberalisation of the agricultural market (Anwander et al. 1990; Hunziker 1995; PintoCorreia et al. in press) . Modern landscape conservation schemes that include both the ecological and the landscape-aesthetics perspective draw a multifaceted picture of the impacts of intensification and abandonment on landscape qualities: Agricultural intensification is valued negatively from both an ecological and a landscape-aesthetics perspective, because of resulting soil degradation and a loss of traditional landscape components (Hoisl et al. 1989; Nassauer 1992; Nohl 1982 Nohl , 1988 Raba 1997 ). In the case of land abandonment, the ecological and the landscape-aesthetics perspective yield ambiguous assessments:
• From the ecological point of view, the abandonment of land and subsequent reforestation is a gain in terms of a lowered input of pesticides and fertilisers. However, the concurrent loss of the patchy land mosaic is often linked with a loss of biodiversity (Burel and Baudry 1995; Dale et al. 1994; Naiman et al. 1993; Ruzicka 1993 ).
• From the landscape-aesthetics point of view, it can be assumed that partially reforested landscapes are what most people prefer visually; completely overgrown areas, however, are likely to receive lower preference. Hunziker (1995) discusses the theoretical legitimisation of this assumption with the aid of the empirical findings and models of Bourassa (1991) , Kaplan et al. (1989) , Lamb and Purcell (1990) , Purcell (1987) and Schroeder (1986) , as well as his own research findings gleaned from focused interviews.
Since the processes of intensification and abandonment are important forces driving Central Europe's landscape change, the issue is of great concern for landscape planning agencies, which are confronted with the problem that for each affected region, scenarios have to be generated and evaluated on the basis of ecological and aesthetics schemes. Based on the results of these evaluations the optimum scenario may be chosen and worked for with appropriate incentives. Taking into account the vast areas of land that might be abandoned in Europe during the next decades, land managers need rapid, simple assessment procedures for evaluating these scenarios.
However, none of the landscape-aesthetics approaches found in the literature seems to satisfy fully the requirements of the planners, who need empirically based procedures that are simple and rapid, and suited for larger regions. The major existing methods are documented in Bishop and Hulse (1994) , Brown (1994) , Daniel and Boster (1976) , Kaplan (1979) , Shafer et al. (1969) and Steinitz (1990) . In all these approaches, scenic beauty is predicted based on regression models. The explanatory variables are descriptive, 'objective' criteria of the landscape. These approaches would be most appropriate for rapidly assessing scenarios of vast regions, if the descriptors of landscape could be directly, automatically, and objectively generated from spatially explicit data such as aerial photographs, satellite images, or digitised maps. However this is not the case: • Brown (1994) , Daniel and Boster (1976) , Kaplan (1979) as well as Steinitz (1990) estimate the explanatory variables of the regression models on the basis of expert knowledge: all images that are evaluated by the respondents are screened by the authors for 'objectively' determined landscape criteria. This procedure has the disadvantage that both the parameter scenic beauty and the 'objectively' determined landscape measures are valued subjectively, a shortcoming that is criticised by Steinitz (1990) . • Shafer et al. (1969) propose a method that solves the shortcoming of subjectively measured image descriptors: here scenic beauty is predicted on the basis of abundance ratios of various landscape elements on photographs. However, performing this assessment on aerial photographs is time consuming and expensive since it requires a detailed, thematic mapping of landscape elements. The requirement of rapidity is therefore not fulfilled.
• The procedure of Bishop and Hulse (1994) meets the requirement of rapidity, but only if detailed digitised land-use data are easily accessible. Scenic beauty is predicted on the basis of spatially explicit predictors (land-use categories) stored in a GIS. An application of this method for larger regions requires detailed thematic maps of various land-use categories, a usually time-consuming investment for planning agencies. Since none of the approaches listed above was found to satisfy fully the needs of the planners, we aimed our efforts at developing a new assessment technique. The technique builds upon the basic philosophy of the existing approaches, particularly on regressing scenic beauty with 'objective' landscape descriptors, in our case even objectively measured formal landscape criteria. The exclusive use of formal criteria can be justified since agricultural changes, in particular spontaneous reforestation, primarily affect the formal content of a landscape (i.e., the landscape pattern). Our assessment technique shall be based upon: (1) an empirical relationship between the changing formal content of landscape and scenic beauty, i.e., we had to gain empirical knowledge about the influence of spontaneous reforestation on scenic beauty; (2) easily and objectively measured formal landscape criteria; we had to find a mathematical index that is (a) sensitive to the changes in landscape pattern caused by spontaneous reforestation (b) a good predictor for scenic beauty, and (c) suitable for use in aerial photographs.
Methods
Image experiments for investigating the influence of spontaneous reforestation on scenic beauty
Respondents
As this project was largely concerned with developing and testing a prototypical technique for rapidly assessing the effect of landscape changes on the aesthetic value, we restricted our analysis to easily accessible persons -in our case 181 university students from various disciplines. To further the development of our technique as well as to plan for real planningapplications, the empirical base would have to be enlarged and a representative sample of people living in Europe would have to be interviewed.
Images
The respondents were shown images representing scenarios of different stages of spontaneous reforestation. Because of the large number of respondents required, it was not feasible to provide a real landscape experience. Therefore, coloured images had to be used instead, a common practice in scenic beauty estimation approaches (e.g. Daniel and Boster 1976; Kaplan et al. 1972; Shafer et al. 1969; Zube 1973 (Hunziker 1992) . Thus, we generated a series of 'reforestation images' (Figure 1 ) by subjecting one single, real photograph of a landscape to computer-aided photo editing. Numerous scientific studies have demonstrated the validity of performing experiments using photographs in general, as well as using simulated material (e.g., Bishop and Leahy 1989; Daniel and Boster 1976; Jarvis 1990; Nohl 1974; Oh 1994; Stamps 1997) . To develop the technique further, it would be desirable to use more than one scene. Seven images were used in this study. The number was kept small to allow various forms of assessment without requiring too much of each respondent's time. Five of the seven images show the selected scene under different reforestation scenarios (Figure 1) shows the 'traditional' condition of the land in the 1950s, whereas the other scenarios -including scenario 3, which shows the current condition -depict stages of reforestation as documented in succession analyses (Raba 1997) . We have chosen to present here results of respondents' reactions to these five images only. In the experimental runs, however, two further images were included that show elements of human settlement. This landscape variable was added to prevent respondents from recognising the reforestation sequence too easily.
Procedures
We performed three experiments to find out people's response to spontaneous reforestation and to control disturbance variables. Figure 2 gives an overview of the purpose of each of the three experiments and the methods used to carry out each one.
• The first experiment was designed to test the assumption that a landscape receives highest preference when there is a medium level of spontaneous reforestation. The images discussed in the section 'Images' were shown in the form of slides. The respondents assessed these images according to the integral criterion 'preference'. Out of numerous possible assessment techniques we selected pair comparison and scoring (Friedrichs 1985; Stamps 1997) . The respondents were randomly separated into two groups. Each group carried out one of the two procedures. This experimental set-up allowed us to cross-check the results of the two procedures and to evaluate a potential bias of the methods. The chance of a bias was low, as shown by Schroeder (1984 ) Stamps (1997 or Zube et al. (1974) . In the pair comparison, (Friedrichs 1985) , each image was compared with all the others. For each of the 21 comparisons, one image had to be selected as preferable. In the scoring procedure, which is closely related to the technique used by Daniel and Boster (1976) , the seven images were shown to the respondents three times, one after another and in random order to avoid a ranking according to increased reforestation. In the first assessment, each image was shown for 2 s, in the second run for 10 s, and in the third run for 5 s. Scores ranging from 1 ('strong dislike') to 6 ('strong like') had to be given during the second viewing and could be corrected during the final viewing. This experimental design was chosen in order to allow comparison of the different images during the viewing session. Thus, consistency of the judgements could be increased.
• The second experiment was designed to investigate the influence of image quality on the assessment of a landscape (Oh 1994; Stamps 1997) . This check was necessary since in the course of this project (and probably in later practical applications) aerial photographs of much lower quality and in black and white were used. Thus, some respondents had to asses a colour image of one of the landscape states, whereas a control group assessed a black-and-white raster print of the same land-scape state. A semantic differential was applied (Osgood 1952) . This process involves mapping emotional reactions to a stimulus (in our case, the evaluation of a landscape) according to a number of contrasting characteristics. To this end, respondents were given a list consisting of contrasting pairs of adjectives and marked a bipolar scale from 1 to 7 for each pair. The analysis of the resulting polarity profiles would reveal whether any differences in assessment could be attributed to the image quality only.
• In the third experiment, we further checked the validity of our photo assessment by testing whether the assessment of landscapes is significantly altered by the use of manipulated images instead of real photographs. We investigated whether the manipulated images could be recognised as such because of technical effects, and whether recognition of the true condition of the landscape would influence the assessments. To determine this, the respondents were shown all the images once again after the image assessment procedure. This time, however, the images were shown simultaneously (reduced onto two slides), and respondents were requested to find out the 'real' one. Furthermore they were asked to assess the difficulty of the selection process and give reasons for their choice.
To analyse the responses we used both univariate and multivariate statistical methods, in particular MANOVA. Commercial software packages such as Excel, Statview, Datadesk and Systat were applied.
Pattern analysis of the terrestrial photographs
To determine whether human preference for landscapes (i.e., landscape images) correlates with the formal content (patterns of the images), we subjected the photographs used in the experiments to quantitative pattern analysis. The resulting indices were then correlated with the corresponding preference ratings of the respondents.
There have been numerous attempts to describe landscape patterns quantitatively using indices derived from information theory and fractal geometry (Gustafson and Parker 1992; Hulshoff 1995; Li and Reynolds 1993; McGarigal and Marks 1994; O'Neill et al. 1992; Plotnick et al. 1993; Qi and Wu 1996; Schumaker 1996; Turner 1990; Turner et al. 1994a Turner et al. , 1994b . In the present study, both black-and-white, and colour images of landscapes were analysed. The classes here were not, however, distinguished on the basis of landscape elements, as would be usual in landscape-ecological pattern analysis, but rather according to grey scales or colour schemes. Thus, the quantitative landscape measures do not evaluate the complexity of elements, but of unclassified landscape patterns in the form of grey tones or colours.
For the pattern analyses we used the following colour schemes and grey scales: 2 and 10 grey tones, as well as 12, 16, 20, and 32 colours. Image resolution was either 36 dots per inch (dpi) or 72 dpi. The purpose of varying image quality was to identify the index and the image quality that are most suitable for use in predicting scenic beauty.
McGarigal and Marks' computer program (1994) was used to calculate the index values of the images. Calculations were performed at the landscape level (i.e., for the entire image, including the sky. The latter was identical in all images, thus its influence on the indices was constant). The following pattern indices were considered for calculation: contagion, double-log fractal dimension, interspersion, mean nearest-neighbour distance nearest-neighbour standard deviation, nearest-neighbour coefficient of variation, number of patches, patch density, mean patch size, patch size standard deviation, total edge, Simpson's, and modified Simpson's and Shannon's diversity and evenness index. For all formulae see McGarigal and Marks (1994) .
The meaning of the indices
Note that all indices calculated in the course of this project refer to homogeneous grey tone or colour patches and not to formal landscape elements. The simple indices 'number of patches' and 'patch density' usually are best considered as representing the configuration of the image, even though they are not spatially explicit, (i.e., they are independent of the location of the patches on the photograph). Others, such as contagion or eveness, describe the spatial distribution of grey or coloured patches. Contagion is calculated according to the formula suggested by Li and Reynolds (1993) . This formula calculates the probability that two randomly chosen adjacent cells belong to two different patch types. Contagion measures the extent to which patch types are aggregated. High contagion values mostly occur in images with few large, contiguous patches (low complexity), whereas low values generally characterise images with many small, dispersed patches (high complexity). Unlike the contagion index, which is based on cell adjacencies, the interspersion index measures patch adjacencies, or in other words, each patch is evaluated for adjacency with all other patch types. Internal cells of the patch are ignored. Thus, images with higher values are those in which patches of the same type are homogeneously distributed throughout the image (i.e., equally adjacent to each other), whereas images of lower values are those in which patches of the same type are not homogeneously distributed. The diversity and evenness quantify patch composition of the images. For a detailed discussion of the parameters, see McGarigal and Marks (1994) . We used both Simpson's and Shannon's diversity index, as well as Simpson's and Shannon's evenness index. Simpson's diversity index is less sensitive to the presence of rare types and has an interpretation that is much more intuitive than that of Shannon. Simpson's diversity index (Simpson 1949) measures the probability that any patches selected at random would be of different types. The higher the values, the greater the probability that two randomly selected patches would be different (high complexity). The evenness indices measure the distribution of area among patch types. It is expressed as the observed level of diversity divided by the maximum possible diversity for that given number of patch types. Since it measures to what degree the distribution of area among patch types is even '0' indicates that only one patch dominates the scene (low complexity), and '1' indicates that all patch types are evenly distributed.
The 'moving-window' technique for aesthetically assessing photographs of whole regions
The landscape images evaluated by our respondents represent an excerpt from the whole expanse of a region. Such a mesoscale excerpt roughly corresponds to a person's momentary field of vision (i.e., the excerpt of the landscape a person can see at once without any eye movement). However, as mentioned previously, landscape planning relies on information about whole regions. This means that it is necessary to extrapolate from the data on the mesoscale (the level of a person's momentary field of vision) to the macroscale (the level providing an overview of a whole region -a map). For our purpose the GIS-assisted 'moving-window' technique seemed the most suitable way to perform the spatial extrapolations. Accordingly, a window defined to correspond to the mesoscale image excerpt was passed over grey-tone images of the whole expanse of a test-region (macroscale) where spontaneous reforestation already occurs (Lower Engadin, Central Alps, Switzerland) . Output values at each cell of a grid placed over the image was the 'beauty' index for the specified mesoscale neighbourhood of the cell. This technique simulates an artificial -yet closely realviewer walking across the landscape with one given angle of the viewing perspective and with a given field of vision. In a first step, we selected an angle of the viewing perspective that corresponds to a terrestrial grey-tone photograph taken from the opposite side of the valley.
Such terrestrial overview images are not very useful for landscape planners because implementing planning measures means locating perimeters on orthogonal maps and plans. In our case, the terrestrial views would have to be orthogonalised which would require a great deal of effort. The result, however, would not be satisfactory since hidden areas would be blank in the orthogonal image. Thus, in a second trial we applied the moving window technique to orthophotos. For each cell we calculated the 'scenic beauty index' and generated a map of scenic beauty that can be used for planning purposes. This procedure simulates the view of an artificial -non-realviewer who observes the landscape at a vertical angle (i.e., the only difference to the terrestrial photos is the angle of the viewing perspective). By doing so, areas that are usually hidden in terrestrial photographs become visible, leading to an overestimation of the diversity indices and, therefore, to an overestimation of the scenic beauty value. Thus, the obtained values can be considered as maximum values. Since we are mainly interested in comparing scenarios of the same landscape, this deficiency is compensated for by the advantage that the assessment is mostly independent of the viewing perspective of the observer.
Results

The influence of spontaneous reforestation on scenic beauty
As shown in Figure 3 , the curves representing preference values given for increasing degrees of reforestation are similar to a bell, with a peak at the level of partial reforestation. Furthermore, the preference values for the different images are for the most part significantly different for all possible pairs and both procedures (two sample t-test, significance level p = 0.05. The only non-significant difference concerns the scores for scenario 3 vs scenario 4. A landscape with a medium level of reforestation seems to be the type of landscape people find most attractive. This result, therefore, substantiates the assumption arising from existing theories and prior research (Hunziker 1995) .
As described in the section 'Methods', the landscapes were evaluated by two comparable groups using two different procedures, namely pair comparison and scoring. Figure 3 shows that the two procedures resulted in rather similar 'preference curves.' The visual interpretation indicates only one difference, namely, that the preference values for the extreme conditions scenario 1 ('cleared') and scenario 5 ('completely reforested') were assessed more moderately (i.e., less negatively) in the scoring procedure than in the pair comparison method. This can be explained in part by the subjects' reluctance in the scoring method to give very low scores (1 or 2). When comparing image-pairs, however, the respondents were unaware of the fact that (almost) never selecting an image as preferable was equivalent to giving it a very low score. This difference notwithstanding, the procedures produced very similar results, i.e., if the ranking order alone is considered, then the results were identical (Spearman rank correlation coefficient = 1.00).
Visual comparison of the two polarity profiles ( Figure 4) shows two almost identical profiles for the assessments of both the black-and-white raster print and the colour photograph. The statistical analysis (two-sample t-tests), as well, showed that only the word pair 'bare'/'cluttered' was assessed significantly differently (p = 0.007). Apart from this, the quality of the image did not seem to influence subjects' assessments, even when the differences between the image qualities were very large.
Although 43% percent of the subjects managed to recognise the real image, they also admitted that identifying it was 'very difficult' or 'difficult' (90%). In their replies to the open question, 'How did you find out the photograph depicting the actual landscape condition?', almost all the respondents indicated that it had to do with the contents of the landscape and what they expected a landscape today to look like. The image quality was almost never mentioned as a factor in identifying the real image. There also were no significant differences in the assessments of the images by those who succeeded in identifying the real image correctly and those who picked the wrong one. This suggests that we can, for the time being, assume that the validity of photo assessments is not affected by the use of simulated material.
The relationship between scenic beauty and landscape patterns
To evaluate the statistical correlation between scenic beauty and landscape patterns we calculated the Spearman rank correlation coefficients between the pattern indices and the preference values of each image (Table 1) .
Correlation coefficients between the preference values and the individual indices differed widely. The measures for interspersion/juxtaposition, evenness and diversity correlated best. The explained variance, however, is not higher than 36% (r 2 ). For the explanatory variables fractal dimension, total edge and neighbourhood measures, we found the highest numbers of nonsignificant correlations. We conclude, therefore, that diversity, evenness and interspersion/juxtaposition are the most convenient indices to express scenic beauty in an assessment of spontaneous reforestation. Diversity, as the most common index, is suggested to have priority.
It is evident from Table 1 that the images with a relatively high degree of generalisation of the grey or colour scales (10 grey tones; 12 colours) correlated best. The more detailed the images, the lower the correlation was found to be. This was most likely because patches with the same identification in terms of grey scale become more and more isolated in the high resolution images and no longer exhibit what could be called a relevant unit for viewing. Thus, the assessment should be performed on images with a relatively low resolution (e.g., 36 dpi), where the correlation between the index values and the preference values is strongest. In a further development of the technique an index or an index-combination should be found that can be used to explain more than 36% of the variance (see 'Discussion' section for further details).
The four indices highlighted in Table 1 are further evaluated in Figure 5 . Interspersion/juxtaposition, evenness and diversity correlated positively with respondents' ratings, resulting in hill-shaped curves for the index values. Contagion appeared to correlate negatively with the preference rating, hence the U-shaped curves.
A prototypical map of scenic beauty
Having shown that people's preferences correlate with quantitative measures of landscape pattern, we undertook a spatial extrapolation using the 'movingwindow' technique described in the 'Methods' section. All macroscale images were subjected to this calculation in which Shannon's diversity index acted as an independent predictor variable for scenic beauty.
For example, Figure 6 shows the scenic beauty assessments of a terrestrial overview image depicting different reforestation scenarios. It is evident from the images that the scenario 3, labelled 'mostly reforested' is most favourable since it has the highest amount of diverse -and therefore beautiful -areas (light pixels). The displayed assessments were then graphically compared with assessments where contagion, dominance and total edge acted as predictor variables in alternative monofactorial models. A strong intercorrelation between the predictor variables caused the graphics to have a high degree of resemblance.
As stated above, such terrestrial overview images are not very useful in landscape planning because implementing planning measures requires locating the perimeter on orthogonal maps and plans. For this reason, the same 'moving-window' procedure was performed on an orthophoto. In the orthophoto only two grey tones are indicated, representing either woodland (black) or open land (white). The information was reduced in this way using computer-aided photo editing. Figure 7 shows the results of calculating Shannon's diversity index for an orthophoto. The orthogonal quality of the image allows us to call this document a diversity map of the test-region investigated. Also, because there was a close relationship between this index and landscape preferences, the map can also be interpreted to be a prototypical preference map of this region.
Discussion and conclusions
In this paper we have attempted to (a) relate the visual assessment of different stages of a landscape with objectively measured values of the landscape pattern and (b) develop a prototypical technique for rapid automated assessment of landscape changes caused by changing agricultural activities. Before drawing any final conclusions, the advantages and disadvantages of the approach and its limitations should be discussed: (1) This study is focused solely on the problem of spontaneous reforestation and was carried out using one landscape type. The validity of the presented prototypical instrument is therefore restricted to similar cases. By including various differing landscape types and phenomena of landscape change, however, the instrument's validity and applicability could be broadened.
(2) The number of landscape elements considered was restricted to trees, shrubs and open land. Thus, we only varied the formal content and did not vary the informal content of the images. It would be challenging, however, to repeat the experiment using different informal content elements, such as houses or roads in rural areas or in expanding urban areas. Furthermore, the influence of the informal content on landscape assessments could be investigated if the value of a convenient measure of landscape pattern (formal content) were held constant for a landscape and the informal contents of the landscape elements were varied. (3) The study shows that the scenic beauty assessment is not dependent on the selected imageassessing methods, since both the scoring and the pair-comparison method yielded similar results (Schroeder 1984; Stamps 1997; Zube et al. 1974) .
To carry out the image experiments in a practical manner, the scoring procedure should therefore be preferred to the pair-comparison method, because respondents can assess more images within the same processing time. The scoring procedure does, however, have the statistical disadvantage of relying on the ordinal scale. That problem can be solved using non-parametric procedures or log-linear models. It is clear from evidence gathered that electronically edited photos yield scenic beauty assessments that can be safely interpreted as if they had been derived from traditional experiments using real photographs. Furthermore, the results of the image assessments correspond well with those of the exploratory research phase (Hunziker 1995) , despite the fact that completely different methods were applied. This indicates the validity of both the qualitative interviews and the image experiments. Also image quality (colour and resolution) seems to have no influence on the assessment of landscape images, as suggested by other authors (Bishop and Leahy 1989; Daniel and Boster 1976; Jarvis 1990; Nohl 1974; Oh 1994; Stamps 1997) . This fact supports the general feasibility of the rapid automated technique using b&w photographs. (4) The way the pattern indices estimate landscape complexity obviously yields a linear relationship between complexity of the formal content and scenic beauty. This is principally in accordance with the theoretical model of Kaplan et al. (1972 Kaplan et al. ( , 1989 , which also claims a linear relationship be- The white lines in the terestrial photos mark (+/-) the area which is represented by the orhophoto Figure 7 . 'Moving-window' calculation of Shannon's diversity index for a terrestrial grey-tone image and a black-and-white image of the whole region as well as a black-and-white orthophoto (all representing the scenario 'slightly reforested', i.e., the current stage of reforestation). The black-and-white images only distinguish between open land and trees/forest. The diversity map derived from the orthophoto can be interpreted as a preference map due to the significant positive correlation between diversity and preference.
tween landscape preference and complexity. In that respect we confirmed this part of their theory but with the application of a quantitative measure of complexity independent of the respondents. If Kaplan's approach of estimating complexity by experts' ratings (Kaplan et al. 1972 (Kaplan et al. , 1989 ) had been applied to our series of images, we believe that the images exhibiting the stages of scenario 4 and scenario 5 would have received overestimated complexity values. This in turn would have lead to a curvilinear relationship (inverted U) between complexity and preference. Further research is required to check whether this assumption can be supported. (5) Note that the preference maps resulting from the 'moving-window' technique are only valid for viewers with average preference profiles. These are indicated by the values shown in Figure 3 . Obviously, it might be possible to find individuals who would take positions that differ quite significantly from those with average profiles. (6) It is obvious that in a further research step more explanatory variables should be included in an empirical regression model between preference values and landscape properties to increase the explained variance of the preference ratings (presently 36%) and to improve the quality of the derived preference map. We did not intend to construct such a model for the following reasons: The construction of such a model requires full access to explanatory variables other than pattern indices (e.g., colour ratings, informal contents of the landscape, etc.). These data, however are not available at the moment. The inclusion of more than one pattern index for the construction of a multifactorial regression model would probably increase the amount of explained variance but is not justified since the different pattern indices are strongly correlated due to formal resemblance of the algorithms. Considering the limitations described above, we can draw some conclusions. We have concluded that image experiments using computer-edited, simulated images yield the same results as investigations using real scenes and are, thus, valid tools for evaluating the lay assessment of landscape changes in broad surveys. Thanks to the significant relationship between visual preferences of landscapes and indices that measure landscape pattern (formal content) we recommend the developed procedure as a simple tool to predict scenic beauty, on both a meso-and a macro-scale and using either terrestrial or aerial photographs. However, the prototypical approach presented here needs to be improved further if it is to be applied effectively in the practice of landscape planning.
